Objective. The purpose of this study was to investigate the effects of Qigong on type 2 diabetes mellitus (DM) using the systematic review and meta-analysis. Methods. All prospective, randomized, controlled clinical trials published in English or Chinese and involving the use of Qigong by patients with DM were searched in 7 electronic databases from their respective inception to June 2016. The meta-analysis was conducted using the Revman 5.2. The quality of the included trials was assessed using the Jadad rating scale. Two researchers independently completed the inclusion, data extraction, and quality assessment. Results. Twenty-one trials with 1326 patients met the inclusion criteria and were reviewed. The meta-analysis demonstrated that, compared with no exercise, the Qigong had significant effects on fasting blood glucose (MD = −0.99, 95% CI (−1.23, 0.75), < 0.0001), HbA1c (MD = −0.84, 95% CI (−1.02, −0.65), < 0.0001), and postprandial blood glucose (MD = −1.55, 95% CI (−2.19, −0.91), < 0.00001). Conclusion. The Qigong training can improve the blood glucose status of the type 2 DM patients and has positive effects on the management of type 2 DM. However, future research with better quality still needs to be conducted to address the effects of Qigong on type 2 DM.
Background
Diabetes mellitus is a chronic disease caused by inherited and/or acquired deficiency in production of insulin by the pancreas or by the ineffectiveness of the insulin produced. The first WHO Global report on diabetes suggested that the most-to-date number of adults living with diabetes is 422 millions, which has almost quadrupled since 1980. This dramatic rise is largely due to the prevalence of type 2 diabetes and factors driving it include overweight and obesity. The Report on the Status of Nutrition and Chronic Diseases of Chinese residents (2015) indicated that the prevalence of diabetes was 9.7% among adults aged over 18 years, which markedly increased 2.6% in a decade [1] .
Modern medical research suggests that improving lifestyle can effectively control and prevent the occurrence of diabetes and its complications. The Diabetes Diagnosis and Treatment Guideline issued by the American Diabetes Association in 2009 stated that exercise prescription is an important treatment on improving lifestyle, and effective exercise can prevent and control the occurrence of type 2 diabetes. Moderate-to-vigorous intensity of aerobic exercise and moderate resistance training can decrease blood glucose and dyslipidemia indicators in patients with type 2 diabetes [2] . Aerobic exercise can improve the correlation between the visceral fat area and HbA1c in middle-aged and elderly obese patients with type 2 diabetes, as well as improving their lipid metabolism, body composition, and cardiopulmonary function, in order to effectively control blood glucose levels [3] and reduce the incidence of middle-aged and elderly obese patients with type 2 diabetes. In summary, exercise has been proven to be an important prescription to help fight against diabetes.
Qigong, a traditional fitness method that originates from ancient China, combines body movement, mediation guidance, respiratory regulation, and so on. The combination of these elements achieves the effect of physical and mental adjustment [4, 5] . Furthermore, Qigong may be capable of helping maintain neuroendocrine balance and blood sugar control. In specific, numerous systematic review studies have been conducted to investigate the effects of Baduanjin on diabetes. Yang [8] concluded that Baduanjin exercise could reduce blood glucose and blood lipid levels in patients with diabetes through a systematic review which included eight trials.
However, there were some inadequate aspects of the previous systematic reviews. First, the existing research included fewer study objects and especially lack of relevant English literatures. Second, existing research merely included Baduanjin Qigong exercise, which did not fully reflect the effects of Qigong on management for diabetes. Therefore, there is a need to include more high-quality researches to further elucidate the role of Qigong in the treatment and management of diabetes.
Data and Methods

Data Sources and Search
Strategies. PubMed, the Cochrane Library, Embase, CNKI, Wan Fang Data, and VIP database were used to search for randomized controlled experiments on Qigong interventions for diabetes. The retrieval duration of these included studies was from the creation of the database to June 2016. At the same time, references in these included studies were also reviewed, with the purpose to avoid omission. The search terms were divided into two major parts: target (diabetes) retrieval and intervention measures (Qigong) retrieval; and the search terms were adjusted according to the specific database. All searches were combined with the theme and free retrieval, and all retrieval strategies were determined after repeatedly performing the preretrieval. These specific retrieval terms include Qigong, Baduanjin, Eight-section brocades, Wuqinxi, diabetes, diabetes mellitus, and DM.
Inclusion and Exclusion
Criteria. Inclusion criteria included randomized controlled trials, published in Chinese and English language; no restrictions on age or gender of diabetic patients; experimental group taking Tai Chi or Qigong as the major intervention in the exercise of diabetic patients; the control group which does not take any exercise or other aerobic exercises (aerobic exercise except traditional sports including Tai Chi and Qigong: Jogging, walking, etc.) or antiresistance exercises; patients without serious DMrelated complications.
Exclusion Criteria. Exclusion criteria included experimental groups that used voluntary grouping principles and other nonrandomized controlled experiments; studies that did not include indicators to be discussed in this study; experimental groups that used other main exercises excluding Qigong; patient with DM-related complications.
Trials Inclusion and Data
Extraction. Trials inclusion and data extraction process were completed by two researchers (W. C. and D. M.) independently. If there were disagreements between these two researchers during the inclusion and data extraction, a third researcher (Y. X.) would be consulted to analyze and decide whether the trials should be included or the data should be extracted. Data extraction includes information of the first author, publication time, published journals, title of the trials, experimental and control group intervention measures, intervention time, the number of experimental and control groups, and basic information such as the age and gender of patients; diabetes indicators include blood glucose indicators: fasting blood glucose, glycosylated hemoglobin, and two-hour postprandial blood glucose; fasting blood glucose was the first indicator of the study.
Trials Quality Assessment.
In the data extraction process, the quality of included studies was evaluated using the Modified Jadad Quality Scale score, which includes random sequence generation and randomization concealment. Each item has a corresponding standard and score: 1-3 score, lowquality research; 4-7 score, high-quality research. Two raters performed the quality assessment independently (M. D. and D. X.). Disagreements were resolved by seeking the opinion of the third rater (Y. X.).
Statistical Analysis.
The meta-analysis was performed using Review Manager 5.3 software provided by the Cochrane network [9] . The heterogeneity test X2 between the results of the included studies was performed. The heterogeneity results revealed that > 0.1 and I2 < 50% and that a fixed effect model should be used. If these heterogeneity test results revealed that < 0.1 and I2 < 50%, the source of heterogeneity should be analyzed. The subgroup should be analyzed according to its heterogeneity. If there was no heterogeneity in these subgroups, a fixed effect model should be used. If there was statistical heterogeneity between subgroups, the random effects model for meta-analysis should be used. If data heterogeneity was too large within a subgroup, descriptive analysis should be used. If necessary, a sensitive analysis should be used.
Results
Trials Search.
A total of 202 potentially relevant articles were identified by the database searches. 160 were removed due to duplication, and a total of 21 reviews and irrelevant articles were excluded through reading the titles and abstracts. Finally, by screening the full text, 21 articles met the inclusion criteria and were reviewed. One study was published in English and conducted in the US. Another 20 studies were published in Chinese and conducted in China.
Inclusion Research Characteristics and Quality Assessments.
A total of 21 randomized controlled trials, with a total of 1,326 subjects, were included. The average age of these subjects ranged within 45.0-68.0 years, with a minimum follow-up time of six weeks and a maximum follow-up time of 12 months. The Modified Jadad score results are as follows: 15 trials were of low-quality, with an average score of 2.7; six were of high-quality, with an average score of 4 ( Table 1 ). Figure 1 shows that data obtained from 17 [10, 12-17, 19, 20, 22, 23, 25, 26, 28-31] related studies ( = 966) could be combined. Using the random effect model for data combination, results revealed that the level of fasting blood glucose in the Qigong group was lower than that in the nonexercise group, and the difference was statistically significant (MD = −0.99, 95% CI [−1.23, −0.75], < 0.00001). 
Outcomes
Group Differences on Fasting Blood Glucose
Qigong Group versus No Exercise Group.
Qigong Group versus Other Aerobic Groups.
Qigong Group versus Antiresistance Exercise Group.
Only one [29] study ( = 22) compared the fasting blood glucose between the Qigong and the antiresistance exercise. The random effects model was used to report the fasting blood glucose, and these results revealed that the fasting blood glucose level in the Qigong group was lower than that in the antiresistance exercise group; and the difference was statistically significant (MD = −1.99, 95% CI [−3.09, −0.89], = 0.0004). Figure 3 shows that the data obtained from 16 [10, [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [28] [29] [30] [31] related studies ( = 834) could be synthesized. Using the random effect model for data combination, these results revealed that the level of HbA1c was lower than that in the control group, and the difference was statistically significant (MD = −0.84, 95% CI [−1.02, −0.65], < 0.00001).
Glycosylated Hemoglobin
Qigong Group versus No Exercise Group.
Qigong Group versus Other Aerobic Exercise Groups.
As shown in Figure 4 , data obtained from five [10, [26] [27] [28] 31 ] related studies ( = 389) could be synthesized.
Using the random effect model for data combination, these results revealed that the level of HbA1c of the Qigong was lower than that of the other aerobic exercise group, and the difference was statistically significant (MD = −0.57, 95% CI [−0.93, −0.21], = 0.002).
Qigong Group versus Antiresistance Exercise
Group. The random effects model was used to report the HbA1c in one [29] related study ( = 22), and the difference was not statistically significant between the Qigong group and the antiresistance exercise group (MD = 0.00, 95% CI [−0.73, 0.73], = 1.00). Figure 5 , the data obtained from six [12, 15, 17, 22, 24, 30] related studies ( = 330) could be synthesized. Using the random effect model for data combination, these results 
Two-Hour Postprandial Blood Glucose
Qigong Group versus No Exercise Group. As shown in
Qigong Group versus Other Aerobic Exercise Groups.
Only one [27] study ( = 122) reported the comparison of the two-hour postprandial blood glucose between the Qigong and the antiresistance exercise. The random effects model was used to report the two-hour postprandial blood glucose, and these results revealed that the two-hour postprandial blood glucose level in the Qigong group was lower than that in the other aerobic exercise groups; and the difference was statistically significant [MD = −0.84, 95% CI (−1.21, −0.47), < 0.00001].
Publication Bias Evaluation
Publication Bias Evaluation on Comparison between
Qigong and No Exercise. The fasting blood glucose for Qigong and nonexercise patients was analyzed through funnel plots, which included 17 trials and 966 objects. These results revealed that the distribution of included studies was asymmetric on both sides of the funnel plots, indicating that it may have publication bias in the comparison of Qigong and nonexercise.
Qigong and Aerobic Exercise. The fasting blood glucose was analyzed through funnel plots, which included five studies and 389 subjects. These results revealed that the distribution of the included studies was asymmetric on both sides of the funnel plots, indicating that it may have publication bias in the comparison of Qigong and aerobic exercise.
Discussion
The purpose of this study was to investigate the effects of Qigong on patients with type 2 DM using the systematic review and meta-analysis. Results suggested that Qigong had a better effect on reducing diabetes patients' fasting blood glucose, HbA1c, postprandial blood glucose, and other indicators, as compared with nonexercise. The results of the present study were consistent with the study conducted by Fengkun [8] , Yang et al. [6] , Yu et al. [7] , and so on indicating that Qigong, as a traditional exercise, can be applied to the management of diabetic patients. Most traditional oriental exercises such as Qigong, Tai Chi, and yoga have the characteristics of mind-body. According to the recent literature, Qigong, Tai Chi, and yoga played an important role in the management of diabetes. Three systematic reviews [32] [33] [34] published reported that yogic practices may promote significant improvements in several indices of importance in type 2 DM management, including glycemic control, lipid levels, and body composition. However, all the reviewers mentioned that methodological quality of the existing clinical trials was low, so high-quality investigations are required to confirm and further elucidate the potential benefits of yoga programs in populations with type 2 DM. The low methodology status of trials also exists in our present study.
Although Qigong is a type of physical and mental exercise that originated in ancient China, which possesses the oriental culture, in the view of modern exercise medicine, it can be concluded that it is a kind of light and moderate intensity aerobic exercise based on the form of Qigong and exercise intensity. light and moderate intensity aerobic exercises can promote cell and tissue metabolism, induce heart blood reflux, improve the body's use of glucose, increase target cell reactivity, improve the body's glucose tolerance, promote HbA1c decomposition, accelerate the combination of hemoglobin and oxygen, and further control blood sugar, thereby reducing fasting blood glucose, HbA1c, and twohour postprandial blood glucose levels. In the present study, Qigong, as compared with other aerobic exercises, was not found to have any advantages in reducing fasting blood glucose and postprandial blood glucose. However, Qigong is easy to learn, with its easy-to-learn-and-perform nature, Qigong does not require specific site and equipment, both single practice and collective practice are available, and many other modes of aerobic exercises do not possess these features.
In addition, results of this study showed that Qigong demonstrated better control on HbA1c than other aerobic exercise. There are various benefits on increasing HbA1c on human body; it can change the affinity of red blood cells to oxygen, make the tissues and cells hypoxia, and accelerate the formation of cardiovascular and cerebrovascular complications; it may cause glomerular thickening and induce diabetic nephropathy. It can also cause blood lipid and blood viscosity increase. Therefore, lowering the level of HbA1c has a good control effect on the occurrence of severe complications in patients with diabetes. One study [35] showed that walking meditation can reduce HbA1c levels in diabetic patients, while only walking does not. Therefore, we considered that Qigong as an exercise with the combination of movement and meditation could suppress sympathetic activation and thus can improve glycemic control as neutrally mediated vasoconstriction and in the meanwhile reduce glucose delivery and uptake in skeletal muscle [36] .
From the Western medicine point of view, the current method of prevention and treatment on diabetes is lifestyle management, including diet and exercise. In terms of exercise intervention for diabetes, Western medicine suggested that patients should be encouraged to engage in moderate intensity aerobic training 3-5 days a week, 30-45 minutes a day, or 150 minutes a week [37, 38] . Furthermore, individualized exercise program should be provided based on the patients' willingness and capability. Quantification and standardization are the main features and advantages of Western medicine; however, mechanical exercise program and monotonous exercise style often make patients feel tired. Qigong, as a traditional exercise belongs to Chinese Tradition Medicine, is not as accurate as Western medicine exercise in terms of the prevention and treatment on diabetes. However, Qigong emphasizes personal understanding and cultural identification of practitioners, while Qigong is an organic combination of movement, mediation, and breathing.
There are limitations to this study that must be considered before the results can be generalized. First, due to the limitation of the searching condition, only the PubMed, the Cochrane Library, Embase, SCI, CNKI, Wan Fang Data, and Wei Pu (VIP) databases were included in this study, and the reviewed studies were bound to be omitted. Second, the included studies generally had major methodology flaws; some researches did not describe the random allocation method and blindness or failed to point out whether there were omitted studies or subjects. The Modified Jadad score in most of the trials was 2, which would affect the credibility of the study results. Third, for included studies that had higher heterogeneity, only the random effect model was available, which may have certain confounding effects on the results. Fourth, it was likely to have publication bias in the included studies. Fifth, only one English published trial was included in our present study, and most included trials were conducted in China; therefore it need more strong evidence to confirm the effects of Qigong on management of type 2 DM in nonAsian population.
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